Introduction: Leukemoid reactions in cancer are rare and associated with a poor prognosis. The mechanism driving paraneoplastic leukemoid reactions appears to be gain-of-function granulocyte-colony stimulating factor (G-CSF) secretion by tumour cells. Case Presentation: A 57-year-old male smoker presented with a one-year history of painless frank hematuria and three kilograms weight loss. Cystoscopy revealed a high-grade urothelial carcinoma with sarcomatoid differentiation. The patient was treated by radical cystoprostatectomy, bilateral pelvic lymph node dissection and formation of an ileal conduit. In the absence of bone marrow infiltrations, recurrence of the urothelial carcinoma three months later was associated with a paraneoplastic leukemoid reaction with a white blood cell count peaking at 82.62 × 10 9 /l. Unfortunately, his condition continued to deteriorate and he died shortly thereafter. Conclusion: Monitoring of white blood cell counts in paraneoplastic leukemoid reactions can be a useful indicator of response of the malignancy to chemotherapy or radiotherapy and an indication of relapse after treatment. Paraneoplastic leukemoid reactions are caused by G-CSF secretion by tumour cells and are associated with a poor prognosis. Whether G-CSF signaling plays a role in the aggressive nature of these cancers is currently unknown.
or lymphocytic in nature and observed in a variety of clinical settings, although rarely it is seen in cancer [1] [2] . A paraneoplastic leukemoid reaction has a cancer-induced cause in the absence of leukemia and infection. The mechanism of this paraneoplastic syndrome is thought to result from tumour secretion of granulocyte-colony stimulating factor (G-CSF) [3] - [9] . Paraneoplastic leukemoid reactions have been reported in several solid-tumour types and appear to be associated with a poor prognosis.
Case Presentation
A 57-year-old male smoker with presented with a one-year history of painless frank hematuria and three kilograms weight loss. This was on a background of a 30 pack year smoking history and a baseline weight of 60 kilograms just two months previous. He had a medical history significant for hepatitis C infection and rheumatic fever. Physical examination did not demonstrate any lymphadenopathy or hepatosplenomegaly and his blood work, including a white blood cell count, was within normal range. He underwent cystoscopy revealing a high-grade urothelial carcinoma with sarcomatoid differentiation. This was followed by a radical cystoprostatectomy, bilateral pelvic lymph node dissection and formation of an ileal conduit. His postoperative recovery was uneventful. Pathology demonstrated tumour invasion into the perivesical tissue with no lymph node involvement and computed tomography (CT) confirmed no distant metastases at that time, T3N0M0. A follow-up CT scan at three months demonstrated two new right-sided pelvic soft-tissue masses measuring 3.0 × 2.7 cm and 4.0 × 4.5 cm. Radiological and scintigraphic studies ruled out bone metastasis. A leukocytosis was present with a peripheral white blood cell count of 41.7 × 10 9 /l with 87% neutrophils, 7% lymphocytes, 5% monocytes and 1% metamyelocytes. The patient was treated with one cycle of cisplatin and gemcitabine. Chemotherapy was then withheld due to a urinary tract infection that resolved with antibiotic therapy. The patient's white blood cell count continued to increase to 74.66 × 10 9 /l with 73% neutrophils, 16% bands, 2% metamyelcytes, 4% lymphocytes, 4% monocytes and 1% eosinophils with no fever or source of infection. His hemoglobin was 101 g/l, platelets were 407 × 10 9 /l, and peripheral smear demonstrated marked leukocytosis primarily attributable to mature neutrophils with moderate normochromic normocytic anemia. Future bone marrow studies revealed hypercellular marrow with trilineage hematopoiesis with no evidence of infiltration by tumours, myeloid or lymphoid neoplasm or myeloproliferative processes. Testing for BCR/ABL1 translocation and the JAK2 V617F and exon 12 mutations were negative. A diagnosis of paraneoplastic leukemoid reaction was established. His white blood cell count peaked at 82.62 × 10 9 /l and a repeat CT scan revealed rapidly progressive disease affecting the liver and bowel. Unfortunately, his condition continued to deteriorate and he died 9 months after his initial diagnosis of bladder cancer and only four months from the time of cancer recurrence. An autopsy was not performed.
Discussion
The diagnostic work-up for a leukocytosis greater than 50 × 10 9 /l requires the exclusion of a malignant hematological condition like chronic myelogenous leukemia (CML), chronic neutrophilic leukemia (CNL), chronic lymphocytic leukemia (CLL) and myelodysplastic / myeloproliferative disorder [1] [2] . It is also essential to rule out a bone marrow irritation and replacement by metastatic solid tumor cells. Careful examination of blood films will help in the diagnosis but definitive diagnosis rests on bone marrow samples to exclude infiltration. BCR/ ABL1 translocation and JAK2 mutation testing are usually required to discount a myeloproliferative condition [1] . Next, an underlying etiology of the leukocytosis must be identified. Commonly infection, drugs, hemorrhage or hemolysis are identified. However, on rare occasions cancer will elicit a paraneoplastic phenomenon provoking a leukemoid reaction.
Paraneoplastic leukemoid reactions have been described with different primary tumour sites including cervical, colon, skin, mesothelial, lung, penile and bladder cancers from both epithelial and mesenchymal tissue origins, although these occurrences are rare [3] - [15] . In some cases, monitoring of white blood cell counts in paraneoplastic leukemoid reactions have demonstrated to be a useful indicator of response of the malignancy to chemotherapy or radiotherapy and an indication of relapse after treatment [3] [5] [9] [13] . Interestingly, our patient did not have a leukocytosis at presentation; rather, the patient's leukemoid reaction developed after his cancer recurred.
The mechanism driving the paraneoplastic leukemoid reaction is through the production of cytokines, particularly G-CSF, inducing a leukocytosis with a left shift. Several cases of transitional cell carcinoma, and other cancer types, with leukemoid reactions have demonstrated significantly elevated levels of G-CSF [3] - [5] [8]- [11] . Leukemoid reactions in cancer have also been shown to bid a relatively poor prognosis. Mizutani et al. looked at 141 patients with urothelial tumours and 13 had G-CSF-related leukemoid reactions [7] . Serum G-CSF levels also correlated with a higher grade and faster progression of the cancers. Other case reports of paraneoplastic leukemoid reactions in different cancer types have also been associated with a negative prognosis, although the relationship of a rapidly progressing cancer and a leukemoid reaction has not been established [3] [5] [9] [11] [13] .
It has been hypothesized that G-CSF production by tumour cells may induce autocrine signaling that accelerates growth and progression [12] [13] . G-CSF receptor expression has been demonstrated on the surface of some G-CSF secreting tumours and absent on others [3] [12] . G-CSF is also highly effective at inducing chemotaxis. Schniewind et al. postulate that G-CSF secretion may recruit WBCs to tumours and activate granulocytes to secrete proteases that assist in disintegration of surrounding tissue matrix thereby facilitating tumour growth [3] .
Interestingly, G-CSF and has been shown to activate several cell signaling pathways that are common to many cancer types, for example the JAK/STAT, MAPK and PI3K/AKT pathways. Harada et al. demonstrated that G-CSF promoted survival of cardiomyocytes after myocardial infarction through JAK/STAT signaling [14] . Natori et al. demonstrated that G-CSF influenced tumour growth in murine syngeneic colon cancer cells by stimulating neovascularization [15] . It is therefore plausible for a series of gain-of-function mutations by cancer cells to induce G-CSF autocrine signaling that promote tumour growth, cancer progression and ultimately a poor prognosis. Further research may help delineate if directing targeted therapies at inhibiting G-CSF signaling in paraneoplastic leukemoid reactions may be of potential clinical benefit.
Conclusion
Although rare, paraneoplastic leukemoid reactions have been reported in several solid-tumour malignancies including bladder cancer, and appear to be associated with a poor prognosis. Monitoring of white blood cell counts in paraneoplastic leukemoid reactions can be a useful indicator of response of the malignancy to chemotherapy or radiotherapy and an indication of relapse after treatment. The mechanism driving the aggressive nature of these cancers may be related to a gain-of-function G-CSF secretion and autocrine signaling of cancer cells.
